Commentary on "The Risky Business of Studying Prognosis"
To the Editor:
We have read with great interest the review 1 of our recent article 2 . Lim and Feldman provide valuable insights into the multiple pitfalls and limitations of retrospective studies, aiming to guide readers in better understanding the methodological underpinnings of different study designs and to help in selecting optimal studies to inform their practice. We thank Lim and Feldman for their comments; we take this opportunity to clarify several points.
First, we point out that our study does not meet the definition of a "prognostic study," because "prognostic studies" imply a directional causal relationship between a predictor and an outcome. Indeed, Lim and Feldman quoted an article by Altman that defines prognostic studies as "clinical studies of variables predictive of future events as well as epidemio logical studies of etiological risk factors" 3 . We explicitly stated throughout our report that our study was not designed to evaluate the causal/temporal relationship between hydroxychloroquine (HCQ) use and the decrease in antiphospholipid antibody (aPL) levels. Further, the information presented was not intended to aid clinicians in clinical decision making. Rather, because there was no previously published data looking at the association between HCQ and aPL levels, we believed it was important to communicate our findings to other researchers. The information learned from our study can be used to design future large-scale prospective studies to evaluate whether HCQ use may lead to a decrease in aPL levels and, through this effect, whether HCQ can be effective in primary and secondary prevention of the antiphospholipid syndrome (APS).
In our discussion section, we acknowledged most of the limitations and potential biases that were mentioned by Lim and Feldman, including differential selection, differential and nondifferential misclassification, and lack of information about disease activity. We also recognized that because of the retrospective design of our study, complete information on medication dosage, duration, and compliance was not available. Therefore, we chose HCQ exposure "ever" as our main variable of interest, similar to previous retrospective studies that evaluated associations between use of medications and aPL 4, 5 . Although we were unfortunately unable to describe our methods in detail because of the word limit prescribed by the editors for this brief report, our models were indeed tested for confounding, interactions, and goodness of fit using the Hosmer-Lemeshow method 6 . While our sample represented a diverse group of patients with systemic lupus erythematosus (SLE) with a wide range of disease severity, we included only patients who met the American College of Rheumatology criteria for SLE 7 , and who had aPL measured twice at least 12 weeks apart, in accordance with the classification criteria for APS 8 . Finally, we performed several sensitivity analyses using different definitions of aPL positivity, and stratified by use of immunosuppressives to evaluate for a possible "by indication" bias and to test the robustness of our findings.
Despite the limitations described in our article and further analyzed by Lim and Feldman, our manuscript has several important strengths, including a relatively large sample from an ethnically diverse urban tertiary care center with defined SLE and with clinically significant aPL levels. We hope that our paper, as well as the comments by Lim and Feldman, will help design better studies to answer whether HCQ may be helpful in primary and secondary prevention of APS.
do well or do badly, and thus to individualize disease management. In fact, prognosis is the question at the heart of many translational studies that aim to identify biomarkers to predict outcomes 6, 7 . Researchers may also use prognostic factors to stratify patients into different risk groups, to clarify the effects of a new therapeutic agent in a clinical trial. Prognosis studies thus can have major effects on clinical practice.
Despite the obvious importance of prognosis studies, they are challenging to design. Most prognosis studies are observational: subjects are not randomized as in a randomized controlled trial. Researchers have no control over prognostic factors other than the one(s) being studied. Other prognostic factors may occur concurrently or subsequently. This uncertainty makes these studies especially vulnerable to biases unless careful considerations of methods to deal with them have been incorporated into the study design 8 .
A recent editorial listed problems prevalent in prognosis research today 6 . One of the problems raised was poor methodological standards, e.g., underpowered studies, inappropriate statistical handling of data, and a lack of clearly defined primary outcomes. Very few prognosis research studies are reported as being clearly protocol-driven, unlike clinical trials. Without a clear protocol written before the conduct of the study and to guide analysis, the product of a study may be difficult to interpret -only the sensational or "statistically significant" results See HCQ use and odds of aPL in SLE, page 30
In this review we will focus on studies of prognosis. The report by Broder and Putterman 1 in this issue of The Journal was chosen as an example of a prognosis study. The investigators asked whether patients with systemic lupus erythematosus (SLE) treated with hydroxychloroquine (HCQ) were less likely to develop or maintain persistently active antiphospholipid antibodies (aPL) and/or lupus anti-coagulant (LAC).
Prognosis refers to the possible outcomes of a disease 2 . Prognosis studies either report the frequency of different outcomes or investigate relationships between prognostic factors and the occurrence of outcomes 3 .
Prognosis studies provide important information to everyone involved in healthcare 4, 5 . These studies suggest answers to patients' questions about outcomes. Clinicians use prognostic factors to predict which patients are going to This is the first in a series of articles that will appear in The Journal of Rheumatology. The editorial board will assign a paper published in the same issue to be reviewed and critiqued by clinical epidemiologists. This series aims to help readers gain a better understanding of the methodological underpinnings of different kinds of studies. We hope that a better understanding of research methods will help readers in selecting studies to inform their practice. may be presented. A publication bias toward "positive" results is indeed detectable 9 .
Hayden, et al identified 6 domains at risk of bias in the design of prognosis studies: study population, study attrition, outcome, prognostic factor, confounder, and statistical analysis 4 . They suggested that these 6 domains be assessed to judge the quality of prognosis studies when performing evidence synthesis. Although systematic reviews and metaanalyses can help to accelerate the incorporation of new therapies into patient management algorithms 10 , systematic reviews of prognosis questions are relatively uncommon. This is due in part to the great heterogeneity of study designs and sample populations, and the highly variable mix of prognostic and confounding factors. Further, the prevalent low quality of prognosis studies means that the evidence will not be strong 11 even if a synthesis can be performed.
No observational study will ever be completely free of bias. Bias does not, however, exist to the same extent in the different domains (methodological areas) within a prognosis study 4 . Only by understanding the possible issues arising in different domains within a study can readers know how to use the information in the study and how much trust they can invest in the information presented. Readers of prognosis studies can also use the framework suggested by Hayden, et al to evaluate the quality of information in any prognosis paper. We will thus use Hayden's framework to evaluate the Broder and Putterman study in the 6 study domains common to prognosis studies 4 . Study population. To assess the study population, we should ask the questions listed in Table 1 . This study included patients from a single center in Bronx, New York. We need to know whether this tertiary center is the only one in the Bronx seeing patients with SLE, and whether it sees the least severe cases, the most severe ones, or the whole range of severity. Information about the source population was limited in the report. This information is crucial for readers to understand the kinds of patients being studied and to assess whether the results can be applied to the patients under their own care.
How was the study sample assembled? To answer this, we need to know the inclusion and exclusion criteria, as well as the sampling strategy. Inclusion and exclusion criteria are used to homogenize the population being studied, but can run the risk of overselection so that the study sample is very different from the source population. The Broder and Putterman study included only those patients with at least 2 aPL measured. One might postulate a potential for an underestimation of the risk reduction; if aPL were measured repeatedly in patients who were at increased risk of clotting or who had a history of clotting, and if HCQ were prescribed more commonly in this group of patients (because of known beneficial effects of HCQ in reducing the risk for thrombotic events), this might result in an underestimation of the protective effect of HCQ. No information was reported regarding the sampling strategy, i.e., how the study participants were identified. Information about sampling strategy is important because different strategies to identify eligible patients, e.g., from a registry, laboratory records, or physicians' recall, are associated with different possibilities for bias. In an extreme example, if physician recall were used and physicians tended to recall those with the mildest (or the worst) disease manifestations, then the study population would be skewed to extremes of the eligible population. If only the mildest cases were included, for example, the effect of HCQ may be overestimated.
The characteristics of the study sample, including demographics and relevant clinical characteristics, should be described to an extent that the reader can understand the kind of patients being studied. Some of these characteristics were reported in Table 2 of Broder and Putterman. This information helps the reader to understand the context of this study, i.e., whether HCQ is protective from the time of diagnosis, or at any time in the disease course.
Prognosis studies should ideally be performed using inception cohorts, i.e., patients included at an early and similar point in the course of disease 12 . Some epidemiologists say that when choosing prognosis studies to inform practice, if an inception cohort was not assembled, move on to the next article 13 . Without an inception cohort, the conclusions drawn may be biased in unpredictable ways. If, for instance, only current patients are studied for prognosis, because those who had the most severe disease had already died, the observed outcomes will be overly optimistic. An inception cohort includes every patient with the disease at a uniform time (e.g., from the time of diagnosis), thus avoiding this problem. Study attrition. To evaluate attrition, we first need to discern the kind of study design, because attrition is irrelevant for some. In cohort studies, the subjects are assembled based on their exposure status; therefore, if patients are chosen based on whether they received HCQ and are followed for their aPL/LAC status, that would be a cohort study 14 . Cross-sectional studies measure outcomes and exposures at the same time (e.g., a survey), and so really cannot identify predictive risks 14 . In the case-control design, researchers sample subjects with and without the outcome of interest (in this case, aPL/LAC status), and then identify predictors (i.e., HCQ exposure) retrospectively 14, 15 .
The research question in the Broder and Putterman study 1 suggests a cohort design. The study sample seems, however, to have been assembled based on outcome (aPL/LAC status), and the results are also presented according to the outcome. Although the authors called their study cross-sectional, the study may have really been a case-control design; more details would be necessary to be sure. Attrition is not relevant in either case -attrition is important when evaluating cohort studies.
Although we cannot assess attrition in the Broder and Putterman study, we will discuss how to assess attrition in prognosis studies where this is relevant. The questions to ask for assessing attrition are listed in Table 1 . The proportion of patients left in followup at the end of a cohort study should always be reported. This is a matter of relative proportions and not a fixed number. Even 5% attrition can be potentially serious if the prevalence of outcome in the study population is low, e.g., 1% 2 , but all 5% of those who were lost experienced the outcome of interest.
Reasons for attrition should be reported 16 . The distribution of prognostic factors and outcomes of those lost should be compared to those remaining in the study 4, 17, 18 . Observed outcomes will be biased if patients who do particularly well or badly preferentially leave a cohort 19, 20 ; reporting the outcomes of those who remained within the cohort will then be overly pessimistic (if only those who were very sick stayed) or optimistic (if only those who were very well stayed). This type of exploration for systematic differences is only rarely performed. There may be no information available to the researchers about those lost, or investigators may fear that revealing that they have a biased population will damage the credibility of their study. As a community, we can improve the quality of evidence by encouraging transparency in reporting potential biases in observational studies. This transparency to bias will help us use prognostic information more intelligently, by understanding the limitations of our evidence. Outcome. We ask similar questions when assessing the study domains of outcome, prognostic factor, and confounder 4 . Table 1 lists the assessment questions.
We should look for a clear definition of the outcome of interest. In this case, the outcome is "persistently positive aPL/LAC." Persistence of antibodies was defined as 2 positive results at least 12 weeks apart. A moderate-high titer of ≥ 40 units was used to dichotomize aPL status as being positive or negative. Although the istotypes of aPL antibodies were defined (i.e., IgG, IgM, IgA), the kinds of aPL antibodies were not defined in the methods; this information was listed in Table 1 of the report. The timing of outcome measurement was unclear, i.e., whether the first aPL/LAC was performed within a certain period after diagnosis or during any assessment for any reason or at the time of a new referral. We then ask whether the outcomes were measured in a valid and reliable way to limit misclassification 4 . Because this report sought to answer whether patients treated with HCQ were less likely to develop or maintain persistently positive aPL/LAC, the timing of outcome measurement is critical. From the research question, we must suppose that the outcome occurred after HCQ exposure and subjects either developed new aPL/LAC (from a previously negative or transiently positive state) or maintained the same positivity as prior to HCQ (for most subsequent measurements). The exact method by which outcomes were classified was unclear. Were patients classified based on 2 positive results after HCQ exposure? If there were 6 measurements of aPL/LAC with varying positivity over time (at least 2 positive), and varying HCQ exposure during that period among the patients, the number of possible combinations might be large (Figure 1 ). There is, therefore, a possibility of misclassification. This is always a problem when a time-varying outcome is treated as a single cumulative outcome, without clearly specifying the classification of 11 
Lim and Feldman: Studies of prognosis
Personal non-commercial use only. The Journal of Rheumatology Copyright © 2013. All rights reserved. 
Study Domains
Assessment Questions various possible combinations. Depending on how the outcomes were classified, the protective effect of HCQ could be overestimated or underestimated. Finally, we ask whether the setting and method of outcome measurement was similar for all subjects in the study. All the aPL and LAC measures were performed at the same institutional laboratory. The assay used for the aPL antibodies was reported but similar information was not reported for the LAC. Using the same method(s) and having the same setting of outcome measurement is important to ensure comparability of the results among all the subjects within the study. This information is needed to determine whether the study results could be applied directly to the reader's own practice. Prognostic factors. The Broder and Putterman study 1 clearly named HCQ use as the primary prognostic factor of interest. To fully define this prognostic factor, the reader should be informed about the dose and duration of HCQ exposure. In this study, any history of exposure was taken to indicate the presence of the prognostic factor.
The method of prognostic factor measurement should be evaluated for validity and reliability to limit the possibility of misclassification. The validity of this prognostic factor (any exposure to HCQ) is challenging. This implies that exposure to any dose of HCQ, for any time period (whether a day or 5 years), at any time during the disease course, is considered similar in its effect on the outcome. The proportions of patients who could be classified as having the prognostic factor of interest increase when it is defined this way, but this approach may possibly underestimate the effect of HCQ on the aPL/LAC status.
The method and setting of prognostic factor measurement were not reported in the study. Readers would benefit from knowing how these data were collected to be satisfied about validity, e.g., through a chart review or from a research database, and whether by the same person. Study confounding. Confounding may be a major problem in any non-experimental research. A confounder is a factor associated with the distribution of the prognostic factor within the sample. By itself, a confounder is a cause of the outcome but does not lie on the causal pathway between the prognostic factor and the outcome 8, 14 . If confounding is present and not accounted for, any conclusion will be misleading. Confounders can be dealt with in the design and/or analysis phase. In the design phase, subjects can be matched or stratified by potential confounders (so that the confounders are no longer associated with the distribution of the prognostic factor). In the analysis stage, estimates of the 12 The prognostic factor may be adjusted by including multiple confounders in multiple regression. Unfortunately, studies have shown that confounding is often not reported adequately 4, 21 . Table 1 tells how to assess a study for confounding. In the Broder and Putterman study, no confounder was considered in the methods; we cannot answer the questions.
The authors did attempt to address confounding in the results when they explored their sample for confounding by indication 22 . Confounding by indication is present if HCQ is selectively prescribed to those with milder (or conversely, worse) disease 22 . To examine for the presence of this, the authors compared those who were treated with HCQ to those not treated with HCQ by using subject demographics, disease duration, "medications," and Charlson comorbidity index. In SLE, severity is likely related to disease activity or damage accrual. This concept of disease severity was not defined in the study. It is thus challenging to understand how severity has been accounted for; medication use likely indicates concurrent disease activity and the Charlson comorbidity score may be a surrogate for damage; demographics and disease duration do not perfectly correlate with either concept. In general, if confounding by indication were present, the effects of the prognostic factor cannot be accurately interpreted in isolation. In this instance, if HCQ were given to those with milder disease, the effects of HCQ could be overestimated: those with low disease activity may lose antibody positivity over time anyway, regardless of HCQ history.
The effects of confounders can be assessed by stratified analysis. Patients are stratified according to the confounder into 2 groups and then the relationship of the prognostic factor to the outcome is plotted in 2 contingency tables (by groups) for computing separate odds ratios. If the effect of HCQ disappears or changes significantly but similarly in the 2 stratified groups, as determined by the OR, then the confounding effect (say, of disease severity) is proven 8 . The authors performed a subgroup analysis on those who did not receive any immunosuppressant and who therefore were presumed to have mild disease. They concluded that HCQ was associated with an "independent effect on aPL/LAC positivity." This analysis would be more meaningful if the whole sample were used (n = 90; i.e., if a separate analysis was done using just those who were taking immunosuppressants, and then comparing the 2 analyses). Study analysis. The answers readers seek to the questions regarding quality of analysis (Table 1) are found in clear descriptions of the analysis. The International Committee of Medical Journal Editors has advised that statistical methods should be reported in sufficient detail "to enable a knowledgeable reader with access to the original data to verify the reported results" 23 . Statisticians have long taught that specifics about variable selection should be presented and not only results of the final model 24, 25 . The rationale for testing certain factors and including confounders should be discussed. This is because different strategies of variable selection may result in different analytic models 26 . Sometimes, there are several possible models. In such cases, the decision process resulting in the choice of the final model should be reported as well 16 . Different statistical models may be chosen that either overestimate or under-estimate the effect of a prognostic factor; it is important for readers to be clear about the choice of modeling strategy.
In the Broder and Putterman study, the authors informed us that they did not perform adjustments for multiple comparisons. They mentioned adjustment for logistic regression models (in the results) but did not provide information about model-building or reduction strategy 1 .
It is important to identify the study design because the type of risk estimate reported and model used are determined by study design 27 . In a case-control study, where the outcome is binary (i.e., having the outcome of interest or not), logistic regression is commonly used. If there is matching, then conditional logistic regression should be used, because unconditional logistic regression may inappropriately inflate the OR 28 . In the case of the Broder and Putterman study, the choice of logistic regression is appropriate if, indeed, the study is a case-control study.
Finally, we assess whether the data were presented sufficiently and whether there was any risk of selective reporting. Univariable analysis was presented in Table 2 of Broder and Putterman and final multivariable models were reported in Table 3 . Without any information about the modeling strategy, readers may question selective reporting.
We note that the authors have taken on a very difficult task with this research question, and many of the design and analysis decisions most likely reflected making the best of available data. We now proceed to suggest methods that future researchers may consider for similar kinds of questions.
In our discussion of outcome assessment, we alluded to the problem of simplifying repeated measured outcomes into a cumulative outcome. By doing this, researchers lose rich information in repeatedly measured data. This is a complex area; exposure to HCQ and other therapeutic agents in a relapsing disease such as SLE will vary over time. A longitudinal design in which outcomes and prognostic factors are repeatedly measured may be better at answering the question posed by this study. In this way, the aPL/LAC profiles need not be forced into a binary outcome on a single occasion. The temporal relationship of HCQ (prognostic factor) and aPL/LAC status (outcome) are clearly specified in a repeated-measures design. A longitudinal modeling method, such as the generalized estimating equation 29 or a binary mixed random-effects model 30 , should be used for statistical inference where appropriate. The Broder and Putterman study would likely have benefited from this approach.
The authors have taken on the very challenging task of trying to answer therapeutic-type questions in an observational setting. The authors were rightly concerned about confounding by indication affecting the use of HCQ 22 . When the kinds of patients exposed to particular treatments are systematically different from those who are not exposed, it is impossible to comment on relative efficacy of the treatments. Stratified analysis (stratified by a single potential confounder) is not possible if there are several confounders. Propensity score techniques 31, 32 have been successfully used in observational settings to address the problem of matching for many confounders 33, 34 , but these kinds of studies are still rare. Expert statistical consultation is advisable.
Broder and Putterman have tackled an interesting research question 1 . It is, indeed, hard to answer complicated questions using the methods commonly described in the prognosis literature today. We have learned that HCQ may possibly have a role in reducing the odds of persistently positive aPL/LAC. The true effect is hard to judge; there are several aspects of the study design that may lead to an overestimation or underestimation of the effects of HCQ. aPL/LAC is a known significant factor predicting thrombotic events 35, 36, 37 . HCQ has been shown to be protective against thrombotic events in several studies in which more sophisticated analyses were performed 35, 36 . It is intuitive that reducing aPL/LAC may translate into reduced thrombosis. This lends support to the findings from the Broder and Putterman study.
We have demonstrated how the reader may systematically assess a prognosis study. In designing any prognosis study, researchers should seek to decrease the risk of bias that may result from various sources: study population, attrition, measurement of the prognostic factor, measurement of the confounder, measurement of the outcome, and statistical analysis. Readers should evaluate each study of prognosis rigorously to decide how, or even whether, to use the information. Journals can help improve the overall standards of reporting in observational studies by promoting the Strengthening The Reporting of OBservational studies in Epidemiology (STROBE) standards 16 .
According to the "2-hit hypothesis," the presence of antiphospholipid antibodies (aPL) is necessary to create a prothrombotic state (first hit). However, aPL alone are not sufficient, and may persist for a long time before the second hit results in the actual thrombotic event 1,2 . Therefore, primary thrombosis prevention may be aimed at decreasing existing elevated aPL, or preventing high aPL titers and/or lupus anticoagulant (LAC) from developing 3 .
Hydroxychloroquine (HCQ) has been shown to decrease aPL titers in laboratory studies 4, 5 . However, only 1 published study to date evaluated the association between HCQ and aPL in a secondary analysis, with a negative result 6 . We investigated whether patients with SLE treated with HCQ were less likely to develop or to maintain persistently positive aPL and/or LAC.
MATERIALS AND METHODS
We included all adult patients with SLE by American College of Rheumatology (ACR) criteria 7 who had LAC, anticardiolipin (aCL), anti-ß 2 glycoprotein I (anti-ß 2 -GPI), and antiphosphatidylserine antibodies measured at least twice, at least 12 weeks apart, between January 2006 and May 2012 at Montefiore Medical Center (MMC), a large urban tertiary care center in Bronx, New York.
Patients were considered to be taking a medication (immunosuppressives, aspirin, HCQ, prednisone, or anticoagulant) if they ever took this medication, similar to previous retrospective studies 6, 8 . Race and ethnicity were analyzed as African American/non-African American and Hispanic/non-Hispanic, respectively, based on self-report. Over 90% of non-Hispanics were African American, reflecting the overall racial/ethnic distribution in our center.
Enzyme immunoassay kits (Bio-Rad Laboratories, Hercules, CA, USA) were used to test aPL. Moderate to high aPL positivity (aPL+) was defined as at least 1 aPL [immunoglobulin G (IgG), IgM, or IgA] ≥ 40 units (moderate/high) 9 . LAC was reported as positive or negative (LAC+/LAC−) by the MMC laboratory in accord with the guidelines of the International Society on Thrombosis and Haemostasis 10 . Because of the retrospective study design, we did not obtain informed consent from the patients, as no identifying information was stored or used in the data analysis. This project was approved by the Institutional Review Board at Albert Einstein College of Medicine/MMC.
Statistical analysis was performed using Stata 12.0 (StataCorp, College Station, TX, USA). No adjustments were made for multiple comparisons in this exploratory study.
RESULTS
The frequencies of aPL and/or LAC among 90 patients included in our study are shown in Table 1 . The number of patients who converted from aPL and/or LAC-positive to negative, or from negative to positive, was small.
The results of the bivariate comparisons between patients with persistently positive LAC and/or any aPL ≥ 40 U (n = 17), and patients with either transiently positive or persistently negative LAC and aPL (n = 73) are summarized in Table 2 . The 2 groups were similar in age, sex, comorbidity scores, HCQ duration, and disease duration. HCQ use was lower in the persistent aPL/LAC-positive group than in the comparison group, 11 (65%) and 65 (89%), respectively (p = 0.02). The median duration of HCQ use was 49 months (IQR 31, 61) in the aPL/LAC-positive group, and 36 months (IQR 19, 56) in the comparison group (p = 0.6). The minimum duration on HCQ was at least 1 month.
The results of the logistic regression adjusted for age, ethnicity, and sex are shown in Table 3 . HCQ use was associated with significantly lower odds of having persistent LAC+ and/or aPL antibodies ≥ 40 U (IgA, IgG, or IgM; OR 0.21, 95% CI 0.05, 0.79, p = 0.02). We did not observe an association between use of other immunosuppressives or prednisone and persistent LAC positivity and/or aPL antibodies ≥ 40 U. Adding these variables to the above model did not change the association between HCQ and LAC/aPL. Age and sex were not independently associated with persistent LAC/aPL.
Similarly, persistently positive LAC and/or moderate/ high Sapporo criteria aPL (aCL IgG or IgM, or anti-ß 2 -GPI IgG or IgM) 9 were associated with HCQ use (OR 0.24, 95% CI 0.06, 0.94, p = 0.04) and Hispanic ethnicity (OR 4.2, 95% CI 1.0, 16.7, p = 0.04; Table 3 ).
We performed additional analyses to explore a possibility of "by indication" bias with respect to HCQ use in our study, i.e., if HCQ is prescribed for milder SLE, the differences observed in our study may be confounded by SLE severity and multiple comorbidities. When we compared patients taking HCQ (HCQ+) with patients not taking HCQ (HCQ−), no differences were observed with respect to demographics, disease duration, Charlson Comorbidity Score 11 , or medications. When we limited our analysis to a subgroup of patients with SLE who were not taking immunosuppressives, presuming less severe SLE (n = 49), HCQ was associated with an OR of 0.17 (95% CI 0.03, 0.88, p = 0.03) of LAC+ and/or Sapporo criteria aPL ≥ 40 U, suggesting that HCQ was independently associated with LAC/aPL positivity.
DISCUSSION
HCQ treatment is currently recommended for patients with SLE who have persistent moderate-high aPL or LAC positivity, for primary prevention (grade 1B to 2B recommendation) based on the other beneficial effects of HCQ in SLE 12, 13 and thrombosis 14 . However, ours is the first study to show that HCQ use may be associated with lower odds of having persistently positive LAC and/or aPL in SLE, and therefore may be beneficial in primary prevention.
We also showed that Hispanic ethnicity was associated Table 1 . The frequencies of aPL/LAC positivity in the entire cohort (n = 90). All data are n (%). with higher odds of persistent Sapporo criteria aPL and/or LAC compared with non-Hispanics (predominantly African Americans). While it was previously reported that LAC was more prevalent in whites 15 , the association between Hispanic ethnicity and the higher odds of positive aPL and/or LAC has not been previously reported. It is likely that aPL are affected by multiple demographic and SLE-specific factors. Therefore, further studies are needed to investigate the cumulative effect of protective factors and risk factors on developing and maintaining LAC+ and/or elevated aPL.
Our exploratory study has several limitations related to its retrospective design and the sample size, including differential selection, differential and nondifferential misclassification, disease activity, and medication dosage, duration, and compliance. However, we included only patients who satisfied ACR criteria for SLE, and performed several sensitivity analyses, with consistent results. Most importantly, the causal relationship between HCQ use and aPL/LAC positivity could not be established in this cross-sectional study. However, while our study was not designed or powered to evaluate whether HCQ decreased aPL levels, the information we found may be used to design prospective studies to evaluate this important question.
